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ABSTRACT

Aim: This study aimed to investigate the effect of perceptual-motor training
programs on Stroop performance and the enhancement of theory of mind
among 8-12-year-old girls in Rasht city. This study aimed to investigate the
effect of perceptual-motor training programs on Stroop performance and the
enhancement of theory of mind among 8—12-year-old girls in Rasht city.
methods: This quasi-experimental study employed a pretest—posttest
design with a control group. Participants were 24 children (mean age = 10.5
*+ 1.2 years) selected through convenience sampling and then randomly
assigned to equal experimental and control groups (n = 12 each). The
intervention program lasted eight weeks, comprising 16 sessions of 45
minutes each, and included exercises targeting balance, spatial awareness,
temporal awareness, body awareness, and orientation. Stroop performance
was assessed using the computerized Stroop test, while theory of mind was
evaluated using the 38-item Steerneman Scale. Data were analyzed using
independent t-tests in SPSS version 23, with the significance level set at p <
0.05.

Results: The results showed that the experimental group demonstrated
significantly greater improvements than the control group in emotion
recognition and pretence (p = 0.023), understanding of false belief (p =
0.011), comprehension of humor and second-order false belief (p = 0.048),
and Stroop reaction time (p = 0.015).

Conclusion: According to the findings, perceptual-motor training can
effectively improve Stroop task performance and theory of mind in children.
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Extended Abstract

Background: Perceptual-motor skills are fundamental to cognitive and social
development in children, integrating sensory input with motor responses. These skills
underpin core executive functions, such as inhibitory control and sustained attention
(assessed by the Stroop task), and social-cognitive abilities, notably Theory of Mind
(ToM)—the capacity to understand others' thoughts and emotions. Structured
perceptual-motor activities are designed to enhance cognitive and academic
performance by simultaneously engaging physical and mental processes, thereby
strengthening the neural pathways associated with both executive and social
functioning.

Despite their potential, most existing research has narrowly focused on the impact of
perceptual-motor training on isolated cognitive domains. A significant gap exists
concerning its simultaneous effects on both attentional control (Stroop performance)
and multi-faceted Theory of Mind in typically developing children. Previous studies
have predominantly involved clinical populations (e.g., ADHD, intellectual disability),
and a lack of standardized intervention protocols limits the comparability and
generalizability of findings. Furthermore, the heterogeneous design of existing
programs obscures conclusive evidence. Therefore, an interdisciplinary investigation
employing a standardized program to concurrently assess Stroop performance and
advanced ToM components in a normative sample of school-aged children is critically
needed. This approach provides a holistic understanding previously absent from the
literature.

This study aimed to answer the following primary question: Can a structured
perceptual-motor training program significantly improve Stroop task performance
(indicating enhanced selective attention and inhibitory control) and elevate the levels
of Theory of Mind in typically developing girls aged 8-12 years?

Methods: This quasi-experimental study employed a pretest-posttest design with a
control group. The statistical population consisted of all 8-12-year-old female students
in Rasht during the 2022-2023 academic year. Using convenience sampling, 24
participants (Mean age = 10.5 £ 1.2 years) were selected based on inclusion criteria
(age, gender, elementary school enroliment, physical and mental health, no specific
medication) and exclusion criteria (musculoskeletal disorders, visual impairments,

relevant medical history). Participants were randomly assigned to either an
|
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experimental (n=12) or a control (n=12) group. The study protocol was approved by

the Ethics Committee of Islamic Azad University, Lahijan Branch (Code:
IR.IAU.LIAU.REC.1403.093), and written informed consent was obtained from all
parents.

The experimental group underwent a structured perceptual-motor training program
for eight weeks, comprising sixteen 45-minute sessions held twice weekly. The
program, designed with expert validation, progressed from simple to complex tasks
targeting five core domains: balance, spatial awareness, temporal awareness, body
awareness, and orientation. Meanwhile, the control group continued with their routine
daily activities.

Assessment Instruments:

1. Stroop Task: A computerized Stroop test was used to measure selective attention
and inhibitory control. Participants were required to identify the ink color of color-
words while ignoring the written word itself during incongruent trials. The test
recorded reaction times and error percentages. The instrument's validity and
reliability have been established in previous studies and the Iranian child population.
In the present study, its internal consistency was confirmed (Cronbach's alpha =
0.69).

2.Theory of Mind Scale: The 38-item Sterneman Scale (1999) was administered to
assess three levels of ToM: Basic (emotion recognition and pretense), First-Order
False Belief, and Advanced (comprehension of humor and second-order false
beliefs). The total score ranges from 0 to 38, with higher scores indicating superior
ToM ability. The scale's concurrent validity and reliability (test-retest and internal
consistency) have been previously confirmed. In this study, it demonstrated excellent
internal consistency (Cronbach's alpha = 0.89).

All pre- and post-test assessments were conducted in a quiet classroom under
standardized conditions for both groups. Data were analyzed using SPSS-23. After
confirming the normality of data distribution (Shapiro-Wilk test) and homogeneity of
variances (Levene's test), an independent-samples t-test was performed on the gain
scores (post-test minus pre-test) to compare the groups, with the significance level
set at p < 0.05.
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Results: Analysis of demographic data confirmed that the experimental and control
groups were homogeneous at baseline regarding age, height, and weight. The pre-
test results also showed no significant initial differences between the groups on any
of the dependent variables. Following the 8-week intervention, the experimental
group, which underwent the perceptual-motor training, demonstrated marked
improvements across all measured outcomes compared to the control group.
Specifically, in the domain of Theory of Mind, the experimental group showed
significant gains in all subcomponents. Post-test scores were significantly higher for
Emotion Recognition and Pretense (p = 0.023), First-Order False Belief
understanding (p = 0.011), and Advanced Theory of Mind, which includes
comprehension of humor and second-order false beliefs (p = 0.048). Consequently,
the Total Theory of Mind Score of the experimental group saw a substantial increase
compared to the minimal change observed in the control group.

Regarding attentional control, as measured by the Stroop task, the experimental
group exhibited a significant reduction in reaction time on the post-test (p = 0.015).
This indicates that participants who completed the perceptual-motor training
responded faster in the incongruent condition of the Stroop task, reflecting enhanced
selective attention and inhibitory control. In contrast, the control group, which
engaged only in routine activities, did not show a statistically significant improvement
in Stroop performance.

The results of the independent-samples t-test on the post-test data, while controlling
for pre-test scores, confirmed that these differences were statistically significant.
Therefore, the findings provide robust evidence that the structured perceptual-motor
training program was effective in simultaneously enhancing both socio-cognitive
abilities (across basic and advanced levels of Theory of Mind) and core executive
functions (specifically selective attention and inhibitory control) in typically developing
school-aged girls.

Conclusion: In conclusion, this study provides robust empirical evidence that a
structured 8-week perceptual-motor training program significantly enhances both
cognitive and social-cognitive functions in typically developing school-aged girls. The
findings demonstrate concurrent improvements in selective attention and inhibitory

control, as evidenced by faster Stroop task performance, and across all levels of
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Theory of Mind, from basic emotion recognition to advanced understanding of

second-order false beliefs and humor.

The observed benefits can be attributed to the integrated nature of the training, which
required constant attention, spatial and temporal awareness, and coordination,
thereby engaging and strengthening shared neural circuits underlying both executive
and social-cognitive functions. The results align with socio-cultural theories,
suggesting that the group-based, interactive nature of the activities provided rich
opportunities for social learning and mental state reasoning.

While discrepancies with studies employing pure aerobic exercise highlight the
specificity of perceptual-motor interventions, our findings underscore the unique
potential of targeted motor-cognitive activities to foster holistic child development.
The study advocates for the systematic integration of standardized perceptual-motor
programs into elementary school curricula. To ensure efficacy and generalizability,
future research should focus on developing unified intervention protocols, expanding
to more diverse samples, including longitudinal follow-ups, and exploring the
underlying neurobiological mechanisms in greater depth.

The Message of the Article: This research delivers a clear, actionable message:
**Structured perceptual-motor training is a powerful, non-pharmacological tool that
simultaneously boosts children's "learning readiness" (attention and self-control) and
"social intelligence" (empathy and understanding others).

For educators and school policymakers, these findings argue for moving beyond
traditional, sedentary learning models. Integrating short, daily sessions of perceptual-
motor activities into the school day can directly enhance the cognitive and social skills
that are foundational for academic and life success.

For coaches and parents, it emphasizes that purposeful play—movement that
challenges balance, coordination, and spatial awareness—is not merely physical. It
is essential exercise for the developing brain, building a child's capacity to focus,
inhibit impulses, and navigate the social world more effectively. Investing in these
activities is an investment in the whole child.

Keywords: Motor skills ,Selective attention, Stroop performance, Theory Of Mind.
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1. Theory theory

2 . Modular theory
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